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Description 

TWO-MASK PROCESS FOR 
METAL- INSULATOR- METAL CAPACITORS 
AND SINGLE MASK PROCESS FOR THIN 

FILM RESISTORS 

Background of Invention 
[ooo 1 ] Field of the Invention 

[0002] The present invention relates to a capacitor for a semi- 
conductor device and a manufacturing method thereof, 
and more particularly, to a two-mask process for manu- 
facturing a capacitor having a metal-insulator-metal 
structure. 

[0003] Description of Related Art 

[0004] Capacitors in semiconductor devices are often integrated 
with active bipolar or MOS transistors for analog and digi- 
tal circuits. Capacitors of various types have been used in 
the art, such as polysilicon-insulator-polysilicon (PIP) ca- 
pacitors, polysilicon-insulator-polycide capacitors, 



polysilicon-insulator-metal (MIS) capacitors, and metal- 
insulator-metal (MIM) capacitors. Capacitors in semicon- 
ductors are required to maintain large capacitance values 
even though integration requires capacitor area to con- 
tinue to decrease. To accommodate, capacitors are being 
formed near and over transistors, for example at the 
metal level as opposed to being formed at the transistor 
level nearer the bulk semiconductor substrate. A MIM ca- 
pacitor is one such example for accommodating a larger 
capacitor in a smaller size. 
[0005] MIM capacitors are planar structures consisting of a thin 
dielectric sandwiched between two metallic electrodes. 
MIM capacitors are essential components in radio fre- 
quency (RF) analog applications and in mixed digital-ana- 
log circuits. The prior art process of record for MIM ca- 
pacitor fabrication requires at least three lithographic 
mask levels to add a MIM capacitor onto an otherwise 
standard interconnect structure. Such processes of record 
have been utilized in generations of CMOS and RF appli- 
cations. A three phase lithographic process is an expen- 
sive process in cost sensitive markets such as RF commu- 
nications and ASICs. The need for three lithographic levels 
arises from the fact that metallic electrodes used in cur- 



rent MIM capacitor technologies are opaque to optical 
light, and thus prevent the lithography tools from aligning 
to the previous copper interconnect layer. A process that 
decreases lithographic steps would reduce complexity and 
realize a significant cost savings in the MIM capacitor 
module build. Moreover, in addition to reducing cost, a 
direct alignment scheme would be more accurate than the 
current trench alignment scheme of the prior art. In the 
prior art, trenches are patterned and etched in an oxide 
layer to form alignment marks for further process steps. A 
more robust alignment process would also reduce litho- 
graphic rework. Further, the reduced mask process may 
be adaptable to thin film resistor fabrication with similar 
benefits realized. 
[0006] pig. 1 depicts the typical MIM capacitor process flow of 
the prior art. As shown in Fig. 1A, a silicon oxide (Si0 2 ) 
layer 12, that is generally used for alignment purposes, is 
deposited on a semiconductor substrate's nitride layer 10. 
A first mask or photoresist 14 is applied to pattern the 
trenches or alignment marks 16. As shown in Fig. IB, 
alignment marks 16 are reactive ion etched, and the pho- 
toresist removed. Fig. 1C depicts layers of titanium nitride 
TiN 18 and silicon nitride SiN 20 that are then deposited 
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on the structure. In Fig. 1C, a second mask or photoresist 
22 is used to pattern the MIM capacitor's top electrode. 
Fig. ID shows the patterned structure again subjected to a 
reactive ion etch with the photoresist 22 subsequently re- 
moved. In Fig. IE, a third mask 24 is applied to pattern a 
bottom electrode. Fig. IF depicts the structure of Fig. IE 
after reactive ion etching. An oxide interlayer dielectric 26 
is deposited on the structure of Fig. IF, and planarized as 
shown in Fig. 1G. Fig. 1H shows the structure after lines 
and/or vias 28 are patterned and etched. A metal liner 
and metal fill 30 are then added to the lines and/or vias 
28, and subjected to a chemical-mechanical polish (CMP), 
as shown in Fig. II. The prior art requires this three-mask 
process due, in part, to the necessity of fabricating a 
trenched layer of Si0 2 for alignment purposes. 
[000 7 ] In U.S. Patent No. 6,413,815 issued to Lai et al., on July 2, 
2002, entitled, "METHOD OF FORMING A MIM CAPACI- 
TOR," three photoresists are used to form a MIM capaci- 
tor, as is the general method practiced by the prior art. 
The first photoresist forms trenches in a dielectric layer 
for alignment purposes. The second photoresist forms the 
top electrode of the MIM capacitor, and the third photore- 
sist forms the bottom electrode of the MIM capacitor. The 



Lai design and other designs in the prior art do not teach 
or disclose eliminating the formation of alignment 
trenches by a first photoresist application as does the 
present invention. 
[0008] The TiN films currently used in MIM capacitor processes 

X 

are opaque to the transmission of visible light. Further, 
due to the highly planar copper surface below the MIM ca- 
pacitor, the TiN layer acts as a specularly reflective mirror 

X 

preventing the proper alignment and overlay measure- 
ments. To overcome these problems, the prior art process 
of record requires the introduction of topography, such as 
trenches and the like, into the reflecting surface. This to- 
pography is achieved by using an extra masking level, fol- 
lowed by a reactive ion etch step. A TiN /SiN film stack 

X X 

conformally covers the resulting alignment marks, which 
are typically 350 Angstroms deep in the sacrificial oxide 
film. The 350 Angstrom topography in the otherwise mir- 
ror-like structure leads to non-specular reflected light, 
which allows for alignment and overlay to the copper level 
below. The elimination of this mask step and trench for- 
mation is a significant advancement over the current prior 
art. 

[0009] pig. 2 depicts the two-mask prior art process for fabricat- 



ing thin film resistors. First, as shown in Fig. 2A, a layer of 
Si0 2 204 is deposited on the nitride layer 202 of a sub- 
strate 200 and patterned with a first photoresist mask 
206. The mask is designed to allow trenches to be etched 
within the Si0 2 layer. Fig. 2B depicts the Si02 layer 204 
with trenches 208 present after a reactive ion etch. Next, 
as shown in Fig. 2C, resistor material 210, such as TiN is 
deposited and patterned with a second photoresist mask 
212, aligned to the trench marks 208 of the previous pro- 
cess step. The substrate is subjected to a second reactive 
ion etch, and the photoresist 212 is then stripped. The re- 
sultant patterned structure is depicted in Fig. 2D. The 
patterned resistor material 210 is shown for the desired 
resistor structure. Notably, two masks are used in this 
prior art process to fabricate the thin film resistor. 

[0010] Bearing in mind the problems and deficiencies of the prior 
art, it is therefore an object of the present invention to 
provide a process for fabricating MIM capacitors that de- 
creases the lithographic steps. 

[° 01 1 ] It is another object of the present invention to provide a 
process for fabricating MIM capacitors that allows for a 
more accurate direct alignment scheme than the current 
trench alignment scheme. 



[0012] a further object of the invention is to provide a process 
for fabricating MIM capacitors that allows for lithography 
tools to align to a previous copper interconnect layer 
without the need for trench alignment marks. 

[0013] it is another object of the present invention is to eliminate 
the need to create topography for decreasing reflectivity 
within device structure. 

[0014] | t j S y e t another object of the present invention to provide 
a reduced mask process for application to a thin film re- 
sistor. 

[0015] still other objects and advantages of the invention will in 

part be obvious and will in part be apparent from the 

specification. 
Summary of Invention 

[0016] The above and other objects and advantages, which will 
be apparent to one of skill in the art, are achieved in the 
present invention, which is directed to, in a first aspect, a 
method of fabricating a MIM capacitor on a semiconductor 
wafer comprising depositing semi-transparent metal lay- 
ers for top and bottom electrodes of the MIM capacitor. 
The metal layers comprise a low resistance, high trans- 
mittance metal. Additionally, the semi-transparent metal 
layers may be at least transparent in a portion of the visi- 



ble spectrum. The semi-transparent metal layers may also 
comprise indium-tin-oxide. The method further com- 
prises: depositing a layer of dielectric material between 
the semi-transparent metal layers; patterning and etching 
the top and bottom electrodes from the dielectric material 
and the semi-transparent metal layers, such that the bot- 
tom electrode aligns to a previous metal interconnect 
layer; depositing an interlayer dielectric over the top and 
bottom electrodes; forming lines through the interlayer 
dielectric to the top and bottom electrodes; and deposit- 
ing a metal liner and metal fill in the lines. 
[0017] | n a second aspect, the present invention is directed to a 
method of fabricating a MIM capacitor on a semiconductor 
wafer having an insulating layer thereon, the method 
comprising: depositing alternate layers of a dielectric ma- 
terial and a semi-transparent metal on the insulating 
layer; patterning and etching the dielectric layer and the 
semi-transparent metal layer to form a top electrode; pat- 
terning and etching the capacitor dielectric layer and the 
semi-transparent metal layer to form a bottom electrode, 
such that the bottom electrode aligns to a previous metal 
interconnect layer; depositing an oxide interlayer dielec- 
tric over the top and bottom electrodes; patterning and 



etching the oxide interlayer dielectric to form lines to the 
top and bottom electrodes; and depositing a metal liner 
and metal fill in the lines. The semi-transparent metal 
may comprise a low resistance, high transmittance metal, 
at least semi-transparent in a portion of the visible spec- 
trum. The semi-transparent metal may be indium- 
tin-oxide. The indium-tin-oxide metal demonstrates a 
resistivity in the range of 230 uohm-cm after exposure to 
an annealing temperature of approximately 250°C in a N 
H atmosphere. 

[0018] | n a third aspect, the present invention is directed to a 
method of fabricating a thin film resistor on a semicon- 
ductor wafer comprising depositing semi-transparent re- 
sistor material to eliminate a mask alignment process 
step. The semi-transparent resistor material is indium- 
tin-oxide, or other metallic material at least transparent in 
a portion of the visible spectrum. The method further 
comprises: depositing a SiN^ cap layer over the intercon- 
nect copper layer; depositing a layer of semi-transparent 
resistor material over the SiN^ cap; and patterning and 
etching the semi-transparent resistor material with a pho- 
toresist mask, such that the resistor material aligns to the 
interconnect copper layer. 



Brief Description of Drawings 

[0019] The features of the invention believed to be novel and the 
elements characteristic of the invention are set forth with 
particularity in the appended claims. The figures are for 
illustration purposes only and are not drawn to scale. The 
invention itself, however, both as to organization and 
method of operation, may best be understood by refer- 
ence to the detailed description which follows taken in 
conjunction with the accompanying drawings in which: 

[0020] pig. 1 depicts the MIM capacitor process flow of the prior 
art. 

[0021] pig. 2 depicts the two-mask prior art process for fabricat- 
ing thin film resistors. 

[0022] Fig. 3 is a graph of the changes in resistivity for sputtered, 
deposited indium-tin-oxide material as a function of an- 
nealing temperature in air, N 2 / H 2> and vacuum. 

[0023] Fig. 4 depicts the transmittance of sputtered, deposited 

indium-tin-oxide material as a function of annealing tem- 
perature. 

[0024] Fig. 5 depicts the two-mask MIM capacitor process flow of 

the present invention. 
[0025] Fig. 6 depicts the single mask thin film resistor process 

flow of the present invention. 



Detailed Description 

[0026] | n describing the preferred embodiment of the present in- 
vention, reference will be made herein to Figs. 1-6 of the 
drawings in which like numerals refer to like features of 
the invention. Features of the invention are not necessarily 
shown to scale in the drawings. 

[0027] Disclosed is a means to build MIM capacitors and thin film 
resistors with at least one less lithographic step than the 
prior art methods. The process step reduction is realized 
by using semi-transparent metallic electrodes having 
metal transparent in at least a portion of the visible spec- 
trum, and fabricated with a two-mask process, which pro- 
vides for direct alignment, and eliminates the need for 
alignment trenches in an insulating or oxide layer, such as 
SiO . 

2 

[0028] The present invention replaces the prior art TiN top and 

X 

bottom MIM capacitor electrodes with indium-tin-oxide 
(ITO). ITO is a semi-transparent metal having a resistance 
lower than TiN . The ITO film is transparent in at least a 

X 

portion of the visible region of the spectrum. The trans- 
parency allows for direct alignment and overlay measure- 
ments to the copper interconnect level below the MIM ca- 
pacitor. This transparency eliminates the need for the 



alignment level lithographic process steps used in the 
prior art fabrication of MIM capacitors and thin film resis- 
tor builds. The lower resistance presented by the ITO ma- 
terial yields a smaller voltage drop on the bottom plate, 
which is advantageous to the capacitor functionality. If re- 
sistance is too large, the voltage drop is greater and de- 
vice performance is jeopardized. 

[0029] ito is a wide band-gap material characterized by a high 
optical transparency in the visible spectrum. Optical 
transparency is the ratio of transmitted-to-incident light 
intensity. ITO material is also characterized by a metallic 
resistivity of approximately 230 uohm-cm after exposure 
to an annealing temperature of approximately 250°C in a 
N 2 H 2 atmosphere. Some applications where ITO material 
may be employed pursuant to the process of the present 
invention include the bottom electrode in flat panel dis- 
play pixels, as a transparent contact to semiconductors in 
opto-electronic applications, such as LEDs and solar cells, 
and as an anti-static coating in instrument panels. 

[0030] pig. 3 is a graph of the changes in resistivity for sputtered, 
deposited ITO material as a function of annealing temper- 
ature in air, N 2 /H 2 , and vacuum, as listed in D.V. Morgan 
et al., 312 Thin Solid Films, p.268-272 (1998). As indi- 



cated, ITO resistivity, which is on the order of 230 uohm- 
cm, is lower than the process of record material TiN of 

X 

400 uohm-cm. This reduced resistivity improves MIM ca- 
pacitor performance. As noted in Fig. 3, the resistivity is 
substantially higher when annealed in air, Line A, but re- 
mains consistently lower when annealed in N 2 /H 2 or a 
vacuum, Lines B and C respectively. 
[0031] pig. 4 depicts the transmittance of sputtered, deposited 
ITO material as a function of annealing temperature over 
most of the visible spectrum (200nm-800nm). Line D de- 
picts the transmittance of a sputtered film of ITO material 
as deposited, as a function of wavelength. As noted, the 
percent of transmittance increases at lower wavelengths 
as a function of the anneal temperature applied. Lines E, 
F, and G depict the transmittance to wavelength relation- 
ship for 150°C, 300°C, and 500°C, respectively. Impor- 
tantly, alignments and overlays are performed in the visi- 
ble spectrum. The wavelength range of interest is gener- 
ally 5000-6500 Angstroms, used by optical lithography 
tools to align reticles to the level below. A Nikon MUV 
uses a 633 nm laser with 550-750 nm broadband, with a 
center at 650 nm. An ASML MUV uses a 633 nm laser and 
a 532 nm laser for red and green lines, respectively. Gen- 



erally for overlay, four broadband lights are used: deep 
red, centered at 650 nm; red, centered at 600 nm; green, 
centered at 550nm; and blue centered at 480 nm. The 
transparency of the ITO layer facilitates self-alignment 
and overlay processes in the visible spectrum. 

[0032] The properties of low resistance and high transmittance 
over the visible spectrum make ITO material a suitable 
choice for MIM capacitor and thin film resistor fabrication. 
Device integrity is sustained while manufacturing process 
steps are eliminated. 

[0033] pig. 5 depicts the two-mask MIM capacitor process flow of 
the present invention. A planar type capacitor is devel- 
oped here; however, the capacitor according to the 
present invention can have a variety of shapes, and is not 
limited to a planar design alone. The first step in the pro- 
cess is to form the top electrode on a semiconductor 
wafer. The wafer may comprise silicon or other semicon- 
ductor materials, such as gallium arsenide and silicon- 
on-insulator (SOI). The wafer generally has at least one 
conductive interconnect line in its topmost layer, and is 
covered by an insulating layer, such as a nitride layer. 
Formation of the top electrode is initiated by depositing 
alternating layers of ITO 102 and SiN 104, as shown in 



Fig. 5A, over a nitride cap layer 106. The SiN 104 repre- 
sents the capacitor dielectric. This may be deposited by 
plasma enhanced chemical vapor deposition (PECVD), for 
example. Alternatively, the capacitor dielectric may com- 
prise other dielectric materials. The capacitor dielectric is 
generally relatively thin and conformal. Usually, at least a 
portion of these layers is deposited over at least one 
metallic line or interconnect (not shown) in the wafer, 
usually consisting of a copper based material. If copper is 
used for the first conductive interconnect lines, there is a 
tendency for this material to diffuse into the underlying 
and overlying dielectrics unless a cap layer is used for 
protection, such as the nitride layer 106. 
[0034] a mask or photoresist 108 is applied for patterning the 
ITO and SiN layers. Photoresist 108 typically comprises 
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an organic polymer. A lithography mask, not shown, is 
used to pattern the photoresist 108 to define the shape, 
size, and location of the top electrode. The wafer is ex- 
posed to UV light, and developed to remove undesired 
portions of the photoresist using either a positive or neg- 
ative exposure process, leaving the structure shown in 
Fig. 5A. The wafer is then etched as shown in Fig. 5B. This 
results in the formation of the top electrode 100 after the 



subsequent removal of the photoresist 108. The etch pro- 
cess may comprise, for example, a reactive ion etch (RIE) 
process, although other removal processes may be used. 
Due to the transparency of the ITO layers, the structure is 
self-aligned to the underlying conductive interconnect 
lines. Importantly, the ITO transparency eliminates the 
need for masking and etching a Si0 2 layer or other insu- 
lating layer for alignment marking, which is essential in 
the prior art. Consequently, the first mask used in the 
prior art and depicted in Fig. 1A is not used in the process 
of the present invention. 
[0035] Next, a bottom electrode 110 is patterned as shown in 
Fig. 5C with a second mask or photoresist 112. The bot- 
tom electrode 110 is formed upon a second reactive ion 
etch and removal of the second mask 112. Fig. 5D depicts 
both top and bottom electrodes 100, 110 after the second 
mask and second etch. As previously noted, the prior art 
would require an additional mask to form the electrodes; 
the additional mask forming alignment marks in a Si0 2 
layer. An oxide interlayer dielectric (ILD) 114 is then de- 
posited over the formed electrodes, which are shown 
formed over a copper line 116 in Fig. 5E. The ILD layer 
114 is then line patterned and etched (RIE). Fig. 5F shows 



the resultant etched lines in the ILD layer. Line 118 is pat- 
terned and etched for contact with the top electrode 100. 
Line 120 is patterned and etched for contact the bottom 
electrode 110. Line 122 is patterned and etched for the 
copper line 116. 

[0036] |_ as t j as depicted in Fig. 5G, a metal liner is deposited 

within the patterned lines 118, 120, and 122, and a metal 
fill, typically copper based, is deposited to fill the pat- 
terned lines. Excessive conductive material is then re- 
moved from the surface of the wafer by chemical mechan- 
ical polishing (CMP) or other etching process. 

[0037] By replacing the prior art TiN top and bottom MIM capac- 
itor electrodes with a semi-transparent metal that is 
transparent in at least a portion of the visible region, such 
as indium-tin-oxide, the process steps for notching an 
underlying insulating layer are eliminated because the 
transparency facilitates self-alignment. 

[0038] | n a similar manner, the dual mask process steps for fab- 
ricating a thin film resistor, with similar self-alignment 
considerations, can be reduced to a single mask process 
through the deposition of a semi-transparent metal like 
ITO. 

[0039] pig. 6 depicts a single mask process for fabricating a thin 



film resistor. In Fig. 6A, semi-transparent material 302 is 
deposited over a SiN cap 304 on a substrate 300. The re- 

X 

sistor material is preferably indium-tin-oxide (ITO), but 
may be other conductive, semi-transparent material. The 
resistor material is semi-transparent in at least a portion 
of the visible spectrum. The resistor material is patterned 
using a single photoresist mask 306, which is aligned to 
the copper 308 in the level below. As shown in Fig. 6B, 
portions of the resistor material 302 is removed, prefer- 
ably with a reactive ion etch process, and the photoresist 
mask developed and stripped away. The process requires 
only one mask because the material is transparent in at 
least a portion of the visible spectrum, which allows for 
direct alignment to the copper level below without the 
formation of the prior art alignment trenches. 
[0040] while the present invention has been particularly de- 
scribed, in conjunction with a specific preferred embodi- 
ment, it is evident that many alternatives, modifications 
and variations will be apparent to those skilled in the art 
in light of the foregoing description. It is therefore con- 
templated that the appended claims will embrace any such 
alternatives, modifications and variations as falling within 
the true scope and spirit of the present invention. 



[0041] Thus, having described the invention, what is claimed is: 



